Participants
We recruited clusters of health care professionals from May to October 2005. We defined a cluster as participating physicians from one or two medical clinics located in close geographic proximity and pharmacists working in community pharmacies located within 5 km of these clinics. Initially, a cluster had to include at least five physicians and at least two pharmacies with a minimum of two parmacists per pharmacy. In August 2005, to speed up recruitment, the minimum number of physicians per cluster was reduced to two.
We recruited patients from January 2006 to January 2007, using the following inclusion criteria: age at least 18 years; able to speak and read French or English; a patient at a partici pating pharmacy in the same cluster as the patient's physician or having no usual pharmacy; and a candidate (on the basis of laboratory results within the previous three months) for initiation of 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitor (statin) monotherapy or already receiving statin monotherapy with inadequate control, where inadequate control was defined 8 as LDL cholesterol 2.5 mmol/L or higher and ratio of total cholesterol to highdensity lipoprotein (HDL) cholesterol 4.0 or higher for highrisk patients (10-year risk for coronary artery disease ≥ 20%) or LDL cholesterol 3.5 mmol/L or higher and ratio of total cholesterol to HDL cholesterol 5.0 or higher for moderaterisk patients (10-year risk for coronary artery disease 11%-19%). We excluded patients who were taking more than one lipid-lowering medication, those who had experienced an acute cardiovascular event in the previous six months, those who were unlikely to complete the study because of lifethreatening disease or poor health, those with triglyceride level greater than 5.0 mmol/L, those with LDL cholesterol greater than 5.0 mmol/L, those with any contraindication to statin treatment and those who had participated in another clinical trial within the past two months.
Randomization
We randomly assigned the clusters of health care professionals to provide collaborative care or usual care. We stratified the randomization by type of medical clinic (conventional, family medicine group or combined conventional and family medicine group) and number of physicians per cluster (up to three or more than three). We also blocked the clusters, with two or four clusters per block and balanced randomization within each block (1:1 ratio of collaborative care v. usual care).
Collaborative care by physicians and pharmacists
Collaborative care is a multifaceted intervention replicating the key characteristics of a cohesive health care team. 9, 10 The intervention was detailed in a treatment protocol and was supported by clinical and communication tools. 10, 11 The physicians were responsible for prescribing statin therapy. On a prescription form, the physician specified the patient's risk factors for cardiovascular disease, the results of the patient's most recent lipid testing, the prescribed treatment (the particular statin, initial and maximum doses, titration schedule and target lipid levels) and recommended lifestyle changes. The target lipid levels were as recommended in the 2003 Canadian guidelines 8 or individualized targets, at the physician's discretion. During the patient's initial visit to the pharmacy (which lasted 30 minutes), the pharmacist provided counselling and used a patient decision aid 12 to draw up a treatment plan, which included lifestyle changes and pharmacotherapy. The pharmacist then scheduled so-called titration visits (lasting 15 minutes each) at two-month intervals. During the titration visits, the pharmacist evaluated lifestyle changes, the patient's tolerance of and adherence with the pharmacotherapy, and the drug's efficacy and then adjusted the statin dosage accordingly. If necessary, the pharmacist scheduled an adherence visit (lasting 30 minutes) to discuss strategies to optimize treatment. When target lipid levels were achieved, the pharmacist scheduled a follow-up visit (15 minutes) for three months later. After each visit, the pharmacist prepared an interim report and sent it to the physician by fax. The intervention ended when any one of the following milestones occurred: target lipid levels were reached at the follow-up visit, the patient had not achieved target lipid levels at the maximum statin dosage prescribed, the patient experienced severe intolerance to the drug or the patient asked to end the intervention. The costs of statin treatment and laboratory tests were not covered by the research grant.
In November 2005, the pharmacists in the collaborative care group attended a one-day training workshop. 13 During this workshop, we used formal lectures, role-playing and interactive exercises to present the Canadian treatment recommendations, 8 guidance about the pharmacotherapy, information about the treatment protocol and communication strategies for optimizing adherence.
In December 2005, the pharmacists and physicians within each cluster were invited to a two-hour gathering to meet each other and to discuss the intervention.
Usual care
Physicians in the usual care group requested laboratory tests and adjusted lipid-lowering pharmacotherapy. Pharmacists dispensed medications and provided usual counselling. The pharmacists in the usual care group did not receive any training specific to the study, and they did not meet the physicians in their cluster.
Outcome measures
Patients attended evaluation visits at baseline and at 12 months. At baseline, a research nurse documented the patient's medical history. At each of these two visits, the nurse drew 12-hour fasting blood samples for measurement of blood glucose and serum lipid levels. Laboratory personnel at the Cité-de-la-Santé Hospital, Laval, Quebec, performed the analyses, and we estimated LDL cholesterol levels using the Friedwald equation. The research nurse also measured the patient's height, weight and waist circumference and took Patients assessed for eligibility n = 1632
Patients assessed for eligibility n = 1568
Baseline evaluation n = 8 clusters (27 physicians in 10 clinics, 28 pharmacists in 20 pharmacies, 108 patients)
Patients excluded n = 1524
Care providers excluded** Patients excluded n = 1451
Care providers excluded**
• n = 12 physicians • n = 25 pharmacists (6 pharmacies)
Lost to follow-up n = 7 patients
Lost to follow-up n = 7 patients Figure 1 : Flow chart for cluster randomized controlled trial comparing collaborative care by physicians and pharmacists with usual care for patients with dyslipidemia. R = randomization. *Physicians excluded because fewer than five physicians in their respective clusters agreed to participate (n = 56). †Pharmacists excluded because fewer than two pharmacists in their respective pharmacies agreed to participate (n = 16) or because they could not attend the workshop (n = 10). ‡First exclusion criteria: low risk of coronary artery disease (n = 1160), not a candidate to initiate or modify statin monotherapy (n = 310), triglycerides > 5.0 mmol/L or low-density-lipoprotein cholesterol > 5.0 mmol/L (n = 4), life-threatening disease (n = 13), taking more than one lipid-lowering drug (n = 3), contraindication to statin therapy (n = 1), acute cardiovascular event in past six months (n = 5), participation in another trial within past two months (n = 1). §First exclusion criteria: low risk of coronary artery disease (n = 992), not a candidate to initiate or modify statin monotherapy (n = 371), triglycerides > 5.0 mmol/L or low-density-lipoprotein cholesterol > 5.0 mmol/L (n = 14), life-threatening disease (n = 16), taking more than one lipid-lowering drug (n = 10), contraindication to statin therapy (n = 3), acute cardiovascular event in past six months (n = 4), participation in another trial within past two months n = 4). **Care providers excluded because they were not involved in follow-up for any study patients.
three blood pressure readings after the patient had been seated for at least five minutes. We calculated and recorded the mean of the second and third readings. At the 12-month evaluation, the patient completed a self-administered questionnaire to document lifestyle changes and adverse events. We used the Framingham equation 8 to estimate the patient's 10-year risk of coronary artery disease. We used the following target levels: LDL cholesterol less than 3.5 mmol/L and ratio of total cholesterol to HDL cholesterol less than 5.0 for patients at moderate risk for coronary artery disease and LDL chol esterol less than 2.5 mmol/L and ratio of total cholesterol to HDL cholesterol less than 4.0 for patients at high risk for cor onary artery disease.
We reviewed the patients' medical charts and the pharmacists' log books to document visits to clinicians and laboratory tests. We reviewed the pharmacies' dispensing charts to document patients' receipt of lipid-lowering pharmacotherapy.
Statistical analyses
We categorized statins associated with an expected reduction in LDL cholesterol of less than 45% as having low potency (atorvastatin ≤ 20 mg, fluvastatin ≤ 80 mg, lovastatin ≤ 80 mg, pravastatin ≤ 80 mg and simvastatin ≤ 40 mg, where all values represent daily doses) and those with an expected reduction in LDL cholesterol of 45% or more as having high potency (atorvastatin > 20 mg, rosuvastatin ≥ 5 mg and simvastatin > 40 mg). [14] [15] [16] For each patient, we computed treatment gaps for LDL cholesterol and the ratio of total cholesterol to HDL cholesterol as the baseline value minus the target level, as defined by treatment guidelines. 8 In accordance with the intention-totreat principle, we estimated missing clinical data at the patient level, using the last-value-carried-forward approach (i.e., last results available in the medical chart or the baseline value). For all lipid values, the mean time (standard deviation [SD]) of the last value carried forward was 139 (109) days after the baseline evaluation in the collaborative care group and 150 (117) days after the baseline evaluation in the usual care group.
To compare mean changes in LDL cholesterol (defined as value at 12 months minus baseline value) and other risk factors, with adjustment for baseline characteristics of patients and clusters of health care professionals, we developed multivariable linear regression models taking into account the withincluster correlation. We included in the multivariable models those variables deemed significant (p < 0.2) in a bivariable model including treatment group. We then applied a backward selection procedure and included in the final model those variables that were statistically significant at p < 0.1. We computed the proportion of patients in each group who were at or below their target lipid levels at 12 months. We estimated relative risks (RR) and 95% confidence intervals (95% CI), with the usual care group as the reference group, using generalized linear models, taking into account the within-cluster correlation, with a log link and robust sandwich variance estimator using a modified Poisson regression. 17 The final multivariable models were defined as described previously.
As planned in the study protocol, we stratified the analyses by risk for coronary artery disease, treatment status and type of medical clinic.
We compared lipid-lowering treatment and use of health care services between the two groups using univariable linear regression or modified Poisson regression models, taking the within-cluster correlation into account.
We computed the proportion of days during the follow-up period with coverage by the medication dispensed. 2, 18 The denominator was the number of days between baseline and the date of the 12-month evaluation (or the date of death). For patients taking more than one lipid-lowering medication and those for whom a new medication was dispensed during the period covered by a previous prescription, we counted the overlapping number of days of available therapy just once. We deemed as "adherent" those patients for whom the amount of medication dispensed covered at least 80% of the number of days during the follow-up period. We deemed therapy to be "persistent" if a lipid-lowering medication was dispensed for the patient within 60 days before the 12-month evaluation. Using a dispensing interval of 45 days did not change the results.
We calculated that with 14 clusters and 16 patients per cluster, the study would have statistical power of 80% to detect a mean difference between groups of 0.5 mmol/L (SD 0.75 mmol/L) in the change in LDL cholesterol from baseline to 12 months, with a two-sided t test and a type 1 error of 5%. We assumed a within-cluster correlation coefficient of 0.08 and a dropout rate of 15%.
Results
Of 148 clusters of health care professionals approached to participate in this study, 15 clusters, with a total of 51 phys - Table 2 : Baseline values and changes in serum lipid levels, blood pressure, blood glucose, body weight, body mass index and waist circumference from baseline to month 12 *Missing data at month 12: serum lipid levels (n = 8), blood pressure (n = 10), fasting blood glucose (n = 9), body mass index (n = 9), waist circumference (n = 9). †Missing data at month 12: serum lipid levels (n = 8), blood pressure (n = 9), fasting blood glucose (n = 9), body mass index (n = 8), waist circumference (n = 9). ‡p = 0.05 compared with usual care group after accounting for correlation within clusters. §Adjusted for use of statin and LDL cholesterol at baseline (analysis for all patients). **p = 0.01 compared with usual care group after accounting for correlation within clusters. † †Adjusted for total cholesterol and use of statin at baseline (analysis for all patients). ‡ ‡Adjusted for risk of coronary artery disease and use of statin at baseline. § §Adjusted for patient's age and hourly number of prescriptions per pharmacist. ***Data missing for two patients. † † †Adjusted for sex of patient and pharmacist's years of experience. ‡ ‡ ‡Adjusted for sex of patient and of physician.
icians and 49 pharmacists, were eligible and agreed to participate. These clusters were involved in the follow-up for a total of 225 patients (Figure 1 ). Two hundred and eleven (94%) of the patients attended the 12-month evaluation, and risk factors for cardiovascular disease were determined for 209 of these. The health care professionals in the collaborative care and usual care groups were similar (Table 1) . Compared with the usual care group, women constituted a greater proportion of physicians (56% v. 42%) and pharmacists (86% v. 57%) in the collaborative care group. The majority of the patients were men, and most were at high risk for coronary artery disease (Table 1) . Patients in the collaborative care group were younger (59.3 v. 62.2 years), were more likely to be new users of a statin (85% v. 73%) and were more likely to be smokers (35% v. 21%).
LDL cholesterol and other cardiovascular risk factors
At baseline, patients in the collaborative care group had higher LDL cholesterol (3.5 v. 3.2 mmol/L, p = 0.05) and total cholesterol (5.7 v. 5.4 mmol/L, p = 0.01) ( Table 2 ). At 12 months, patients in the collaborative care group had an additional reduction of 0.2 mmol/L in LDL cholesterol (95% CI -0.3 to -0.1) relative to patients in the usual care group. However, the adjusted difference was not statistically significant (-0.05 mmol/L, 95% CI -0.3 to 0.2).
At 12 months, the changes in other risk factors for cardiovascular disease did not differ between the two groups.
Target levels
At 12 months, 87 (81%) of the patients in the collaborative care group and 86 (74%) of those in the usual care group had reached their target lipid levels (crude RR 1.10, 95% CI 0.95 to 1.26), as defined by the 2003 Canadian guidelines. 8 After adjustment for baseline LDL cholesterol, patients in the collaborative care group were significantly more likely to reach their targets (RR 1.16, 95% CI 1.01 to 1.34) .
Shortly before the end of the recruitment phase, new lipid targets were defined by the 2006 Canadian guidelines, 19 which recommended a target LDL cholesterol level less than 2.0 mmol/L for patients at high risk for coronary artery disease. The proportion of high-risk patients who had reached this target at 12 months was 49% (39/80) in the collaborative care group and 43% (42/97) in the usual care group (adjusted RR 1.2, 95% CI 0.9 to 1.7). For patients in the collaborative care group, the physician had to specify the lipid targets on the prescription form. On the basis of this information, 21 patients in the collaborative care group who were at high risk for coronary artery disease had targets prescribed as defined in the 2006 guidelines, and 17 (81%) of them had reached their target at 12 months.
Stratified analyses
When the analysis was stratified by risk for coronary artery disease, treatment status and type of medical clinic within the clusters, there was no incremental reduction in LDL cholesterol for patients in the collaborative care group (Table 3) . Patients in the collaborative care group who were at high risk of coronary artery disease were more likely to reach the target lipid levels of the 2003 guidelines 8 (adjusted RR 1.22, 95% CI 1.04 to 1.43), whereas the proportions reaching target lipid levels were similar among patients at moderate risk (adjusted RR 0.96, 95% CI 0.76 to 1.20).
Lipid-lowering therapy and use of health care services
Patients in the collaborative care group were less likely to have a prescription for a high-potency statin at baseline (RR 0.28, 95% CI 0.16 to 0.50) and were more likely to remain on a lowpotency statin at 12 months (RR 1.61, 95% CI 1.23 to 2.12) ( Table 4 ). More patients in the collaborative care group had had a change in their lipid-lowering treatment during the study (RR During the 12-month follow-up, the mean number of visits to a physician did not differ between groups. However, patients receiving collaborative care had fewer laboratory tests requested by physicians. On average, patients receiving 
Interpretation
In a collaborative primary care model in which community pharmacists were responsible for titrating lipid-lowering medi cation, patients made more visits to health care professionals than patients receiving usual care, underwent more laboratory tests, were more likely to have their lipid-lowering treatment modified and were more likely to report making lifestyle changes. However, these differences did not translate into a significant clinical effect on lipid control. At 12 months, after adjustment for potential confounders, collaborative care was not associated with a significant incremental reduction in LDL cholesterol (-0.05 mmol/L, 95% CI -0.3 to 0.2), and the probability of reaching target lipid levels was only slightly higher among patients receiving collaborative care (RR 1.16, 95% CI 1.01 to 1.34). The collaborative care intervention was described in a detailed treatment protocol and was supported by clinical tools. Almost all (58 [97%]) of the 60 pharmacists assigned to the collaborative care group attended a training workshop. The number of laboratory tests, visits to the pharmacist and changes in pharmacotherapy indicated that pharmacists were applying the treatment protocol as specified. As a result, 81% of the patients receiving collaborative care reached their targets, with a mean reduction in LDL cholesterol of 1.1 mmol/L (31%). This compares favourably with the outcomes of the Second Study of Cardiovascular Risk Intervention by Pharmacists, 20 in which community pharmacists provided counselling, point-ofcare cholesterol testing and referral to a physician. After six months, 27% of the patients had reached their targets, with a reduction in LDL cholesterol of 15%. In studies of specialized clinics where pharmacists monitored pharmacotherapy and adjusted dosages, the proportion of patients reaching their target lipid levels ranged from 39.5% to 79.1%. [21] [22] [23] [24] [25] [26] [27] [28] [29] A meta-analysis 30 reported a reduction in LDL cholesterol of 0.84 mmol/L. All of these results suggest that a collaborative care model could be implemented in primary care with similar results. However, this study provided no evidence of a significant clinical impact on lipid control relative to usual care.
Limitations
The lack of clinical effect may have been due to the recruitment of patients with modestly elevated LDL cholesterol. In both groups, the observed reduction in LDL cholesterol (-1.1 mmol/L in the collaborative care group, -0.9 mmol/L in the usual care group) exceeded the treatment gap (0.8 mmol/L in the collaborative care group, 0.7 mmol/L in the usual care group), although only a minority of patients underwent dosage titration during the study (31% of patients in the collaborative care group, 18% of those in the usual care group). Furthermore, we observed important baseline differences in prescription patterns between the groups. High-potency statins were more often prescribed for patients receiving usual care (40% v. 11%). The randomization of a small number of clusters might have led to confounding, whereas the recruitment of patients after randomization might have induced selection bias, which would explain the between-group differences observed at baseline. Finally, only 10% of the clusters approached were eligible and agreed to participate, which might have decreased the external validity.
Conclusions
Collaborative primary care is feasible for the management of dyslipidemia, but it does not necessarily have any effect on patients' outcomes. In future studies, the long-term benefits of this approach should be evaluated for patients at high risk of coronary artery disease with target LDL cholesterol below 2 mmol/L, who are likely to require dosage adjustments.
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